Abstract. Gynura formosana Kitam (family Compositae) has traditionally been used for the prevention of diabetes, cancer and inflammation in China. However, there are few reports of its anti-inflammatory effects. In the present study, after assessing the in vitro antioxidant activities of extracts from Gynura formosana Kitam leaves, the anti-inflammatory and antioxidant activities of ethyl acetate extract of Gynura formosana Kitam leaves (EAEG) were further investigated in rats using a cotton pellet-induced model of granuloma. EAEG significantly inhibited the formation of cotton pellet-induced granuloma in rats in a dose-dependent manner. Moreover, EAEG treatment significantly decreased the level of plasma C-reactive protein and suppressed the activities of plasma glutamate pyruvate transaminase and lactate dehydrogenase in model groups. Furthermore, EAEG increased the hepatic levels of anti-oxidative enzymes or antioxidants, including catalase, superoxide dismutase and reduced glutathione, and reduced the level of lipid peroxidation in the rat model of inflammation. In addition, EAEG decreased plasma levels of tumor necrosis factor-α and interleukin-1β in the rat model of inflammation. Therefore, our results indicated that EAEG had potent anti-inflammatory effects, which was achieved at least in part through activating antioxidant enzyme activities and suppressing the production of proinflammatory mediators by macrophages.
Introduction
In traditional medicine, medicinal plants or plant-derived products are the most common sources of therapeutic agents; thus, they have an important role in human healthcare. Approximately 80% of the population in African and Asian countries depends on traditional medicinal plants for their primary healthcare (1) . Inflammation is one of the diseases that is usually treated with herbal agents. It is a complex, essential and protective vascular tissue response to invasion by antigen challenge, infectious agents, physical or chemical injury (2) . However, prolonged inflammation may cause various chronic diseases, including rheumatoid arthritis and periodontitis and several types of allergic skin diseases (3) . Non-steroidal anti-inflammatory drugs are often used to treat inflammatory disease; however, these agents are often associated with side effects, including disturbances to the gastrointestinal tract and aspirin-induced asthma (4) . Therefore, there is an increasing need for the development of novel anti-inflammatory agents with fewer side effects than the drugs currently used.
Free radicals are well-known mediators of inflammation, and the free radical-scavenging activities of antioxidants have been documented (5) (6) (7) . Therefore, plant extracts or phytochemicals with antioxidant activities have been highlighted as promising sources of agent for treating inflammation. Gynura formosana Kitam. (family Compositae) had been traditionally and widely used since the Ming dynasty for the prevention of diabetes, cancer and inflammation in China (8) . In the leaves of EAEG, the presence of several components, such as flavonoids, phenolics, alkaloids, saponins and terpenes, has been reported in the literature (9) . They may contribute to its biological activity (10) . Total phenolics and flavonoids are known as powerful antioxidants and the high contents of phenolic and flavonoid compounds in Gynura formosana Kitam indicate that this plant may exert a beneficial effect on inflammation. However, to the best of our knowledge, the antioxidant and anti-inflammatory activities of this plant have not been reported. Therefore, this study was conducted to investigate the antioxidant and anti-inflammatory effects of ethyl Preparation of extract. Air-dried leaves were ground homogenously using a 100 mesh mixer-grinder and ~200 g of the samples were soaked in petroleum ether (60-80˚C) at room temperature (25±1˚C) for 24 h. Petroleum ether extract was subsequently filtered and the residue was extracted twice more in the same manner. The mixture was further filtered, evaporated at 45˚C, and dried in a freeze-dryer for later use. The subsequent residue was successively extracted with chloroform, ethyl acetate and normal butanol in the same way. The yields of petroleum ether, chloroform, ethyl acetate and normal butanol extracts were 9.9, 2.3, 3.2 and 5.8%, respectively. Extractions were carried out on dry material in order to obtain reproducible results without any interference related to the overall, and variable, water content. All data herein reported were referred to plant dry weight, as generally done when plant extractions were performed (11).
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay.
Antioxidant activity determination of the extracts from Gynura formosana Kitam leaves was performed via DPPH radical scavenging according to the method described by Bekir et al (12) with some modifications. Sample solution (20 µl) was added to 180 µl of freshly prepared DPPH solution. The mixture was incubated and the absorbance was measured at 524 nm. Free radical-scavenging activity was expressed in terms of the half maximal inhibitory concentration (IC 50 ). DPPH radical scavenging activity was calculated as a percentage using the equation: DPPH radical scavenging activity (%) = (A blank -A sample ) x 100/A blank , where A is optical density.
2,2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS)
radical scavenging assay. ABTS radical scavenging activity was measured spectrophotometrically at 734 nm according to the modified method of Bekir et al (13) . Briefly, 7 mM solution of ABTS was mixed with 2.45 mM potassium persulfate followed by storage in the dark at room temperature for 14 h before use. In total, 20 µl of the different concentrations of extract were reacted with 180 µl ABTS solution. Absorbance was measured 6 min after initial mixing. ABTS radical scavenging ability was expressed by IC 50 (µg/ml) values determined, as previously described in the DPPH radical scavenging assay.
Experimental animals. A total of 48 male Sprague-Dawley rats (200-250 g) were obtained from the SLAC Laboratory (Shanghai, China). All rats were maintained under a 12-h light/dark cycle at room temperature with free access to food and water. Rats were acclimatized for one week prior to experimentation. Experiments were conducted according to protocols and guidelines approved by Longyan University Institutional Animal Care and Use Committee.
Cotton pellet-induced model of granuloma. T he anti-inflammatory effect of EAEG was estimated using a cotton pellet-induced model of granuloma. The method was performed as described by Swingle and Shideman (14) with minor modifications. Rats were randomly assigned to the six groups with 8 rats per group, as follows: Group I, normal control; Group II, model control; Group III, treated with indomethacin (4 mg/kg, standard drug); Group IV, treated with 100 mg/kg body weight of EAEG orally; Group V, treated with 250 mg/kg body weight of EAEG orally; and Group VI, treated with 500 mg/kg body weight of EAEG orally. Sterile cotton pellets (10±1 mg) were implanted in each axilla region of rats, and the wound was subsequently stitched closed using surgical silk. After 24 h, rats were administered EAEG or indomethacin once daily for 7 days through oral gavage. On the 8th day, blood samples (2 ml) were collected from each rat through retro orbital puncture in EDTA-coated tubes kept in ice, and subsequently centrifuged at 1,000 x g for 20 min at 4˚C to separate the plasma. Aliquots were stored at -80˚C for proinflammatory cytokine and biochemical estimations. Following sacrifice, the wet cotton pellets from the mice were weighed, followed by drying at 40°C for 20 h. The exudate value (mg) was evaluated after deducting the dry weight of the cotton pellet from the wet pellet. Granulation tissue was evaluated by subtracting the weight of the cotton pellet (10±1 mg) from the dry pellet.
Plasma biochemical analysis. Inflammatory markers, including C-reactive protein (CRP), glutamate pyurvate transaminase (GPT) and lactate dehydrogenase (LDH), were measured in plasma samples using standard ELISA kits (cat no. YD1395 for CRP, cat no. YD1465 for GPT and cat no. 1391 for LDH; YuduoBio Co., Ltd., Shanghai, China), according to the manufacturer's protocols.
Hepatic antioxidant enzymes assay. After eliminating the cotton pellets, liver tissue was dissected and washed with 4˚C saline to remove the blood. Liver homogenate was centrifuged at 1,280 x g at 4˚C for 15 min. The supernatant was used for the evaluation of catalase (CAT) (15) , superoxide dismutase (SOD) (16), reduced glutathione (GSH) (17) and malondialdehyde (MDA) (18) levels using assay kits (cat no. A007-2 for CAT, cat no. A001-1 for SOD, cat no. A006-1 for GSH and cat no. A003-1 for MDA; Jiancheng Co., Ltd., Nanjing, China) according to the manufacturer's protocols.
Proinflammatory cytokines analysis. Blood samples were centrifuged at 1,000 x g at 4˚C for 10 min to obtain plasma in order to evaluate tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) levels. TNF-α and IL-1β concentrations were quantified using rat TNF-α and IL-1β ELISA kits (cat no. JER-06 for TNF-α and cat no. JER-01 for IL-1β; BLKWbio Co., Beijing, China).
Statistical analysis.
Results were expressed as the mean ± standard error of mean. Statistical significances were analyzed by one-way analysis of variance followed by (Fig. 1D ).
These findings demonstrated that the maximum radical scavenging activities were in EAE followed by NBE, CE and PEE. Therefore, EAE was selected for further investigation of its antioxidant and anti-inflammatory effects in an animal model.
Effect of EAEG on granuloma weight in rats inflammation
model. Rodent models of cotton pellet induced granuloma have been widely used to evaluate the anti-inflammation activities of chemicals (19, 20) . To investigate the anti-inflammatory activity of EAEG, we studied the effect of EAEG on cotton pellet-induced granuloma in rats. Cotton pellets removed from the rats at the end of the study are presented in Fig. 2A .
The anti-inflammatory effect of EAEG was determined by the wet and dry granuloma weight in rats and the results are summarized in Fig. 2B . EAEG exhibited a significant (P<0.05) and dose-related inhibition of granuloma formation when compared with the model control group. Among the three test dose levels of EAEG, the dose of 250 mg/kg was found to be equally potent as to that of indomethacin (4 mg/kg).
Plasma biochemical markers assay. Levels of plasma inflammatory biomarkers (LDH, GPT and CRP) were significantly (P<0.01) increased in model control rats when compared with the normal group, whereas these markers exhibited significantly (P<0.05) decreased activity after treatment with 100, 250 and 500 mg/kg EAEG and 4 mg/kg indomethacin, respectively (Fig. 3) . In addition, EAEG at dose of 250 and 500 mg/kg showed no significant difference in activity in comparison with normal rats.
Effect of EAEG on hepatic antioxidants in rat models with cotton pellet-induced granuloma.
To investigate the antioxidant effect of EAEG in vivo, we further studied the effect of EAEG on the activities of CAT, SOD, GSH and the level of lipid peroxidation in the livers of rats with cotton pellet-induced granuloma. The model control group exhibited coincidently significant (P<0.01) decreases in the activities of CAT, SOD, GSH and an increase in the level of lipid peroxidation in the liver (Fig. 4) . EAEG treatment at doses of 250 and 500 mg/kg induced a significant increase in the activities of CAT (P<0.01), SOD (P<0.05 and P<0.01 respectively) and GSH (P<0.01) and decrease in lipid peroxidation (P<0.01) in the rat liver, when compared with the model control group. Indomethacin did not exhibit any significant changes in antioxidant levels in the rat liver when compared with the model control group.
Effect of EAEG on plasma levels of proinflammatory cytokines.
Proinflammatory cytokines have a central function in the maintenance of chronic inflammation; therefore, plasma levels of TNF-α and IL-1β were evaluated in the present experiment. Fig. 5 shows that the plasma levels of TNF-α and IL-1β in the model control group were significantly higher than those in the normal control group (P<0.01). TNF-α and IL-1β levels were significantly decreased in the EAEG-treated groups, as compared to the model control group, in a dose-dependent manner (P<0.05). Indomethacin (4 mg/kg) also significantly (P<0.05) inhibited the production of TNF-α and IL-1β. The inhibitory activity of EAEG (250 mg/kg) against TNF-α was similar to that of indomethacin (4 mg/kg). Notably, a low concentration of EAEG (100 mg/kg) in our experiment was more effective at inhibiting IL-1β production than indomethacin (4 mg/kg).
Discussion
Cotton pellet-induced granuloma is a reliable in vivo model for studying inflammation and proliferation due to inflammation (21) . Inflammatory reactions in cotton pellet-induced granuloma model involve the proliferation of macrophages, fibroblasts and granulocyte infiltration (22) . The fluid absorbed by the cotton pellet greatly influences the wet weight of the granuloma, whereas the dry weight correlates with the weight of the granulomatous tissue (23) . The findings of the present study demonstrated that treatment with EAEG inhibited the transudation and proliferation of inflammation to some extent, similar to indomethacin therapy. As a non-steroidal anti-inflammatory drug, indomethacin produces its inhibitory effect in cotton pellet-induced granuloma experiment by inhibiting granulocyte infiltration to the cotton pellet and preventing the generation of collagen fibers (24) . The result that EAEG significantly decreased the weight of the cotton pellet-induced granuloma in the model control group suggested that EAEG is a natural anti-proliferative substance of granulation formation and has the potential to improve inflammation reactions.
We assayed the levels of CRP, GPT and LDH in rat plasma to further evaluate the anti-inflammatory activity of EAEG. CRP is a known marker of inflammation, and it is also considered to be an active participant in promoting endothelial dysfunction by reducing the expression of L-selectin and generation of the superoxide (25) . The significant decrease in CRP concentrations in the EAEG-treated rats with cotton pellet-induced granuloma suggested that EAEG improved endothelial dysfunction, thereby preventing the occurrence of further adverse events, including cell membrane transmigration and disintegration in the inflammatory response. GPT has an important role in the formation of biologically active chemical mediators, such as kinins, in the inflammatory response (26) . LDH is a cytoplasmic enzyme present in the extra cellular space. It has no relevant metabolic function, but serves as an indicator of the disturbance of cellular integrity in the inflammatory response. Levels of GPT and LDH increased in the model control group, whereas these levels decreased in the indomethacin-and EAEG-treated groups, suggesting a reduction in bradykinins release and membrane stabilizing potential. These data demonstrate the anti-inflammatory activities of EAEG. To the best of our knowledge, this is the first report of the anti-inflammatory activities of Gynura formosana Kitam leaf extracts.
It is well-established that various free radicals, including DPPH, ABTS radicals and superoxide, and other reactive species, such as singlet oxygen, hypochlorous acid and peroxynitrite, contribute to the pathology of chronic inflammation (27, 28) . Previous studies have suggested that inflammatory tissue damage may be due to the liberation of reactive oxygen species from the phagocytes that invade inflammation sites (29, 30) . DPPH and ABTS radical scavenging assays, based on electron transfer and hydrogen atom transfer reaction, are analytical methods for the reliable determination of antioxidant activities of biological samples in vitro (31) . In this study, samples from the EAEG treatment groups exhibited significant DPPH and ABTS radical scavenging activities and these results suggested that free radicals scavenging activities contribute to the antioxidant effects of EAEG in vitro, which may be responsible for its anti-inflammatory activities (32) .
A balance exists between free radicals and natural scavengers in normal states. Elevated production of oxygen free radicals is observed during inflammation, in which relatively low activities of antioxidant enzymes, such as SOD and CAT, cause cell membrane disturbance and damage to cells in the tissues. Lipid peroxidation is an oxidative deterioration reaction that may alter the polyunsaturated lipids to radical intermediates and subsequently cause cellular damage. MDA is a major end-product of this reaction, and a marker of lipid peroxidation (33) . In this study, CAT, SOD, GSH and MDA were assayed in liver tissues of rats treated with EAEG to further investigate the antioxidant mechanisms underlying the protective effects of Gynura formosana Kitam leaves on inflammation. In the model control group, there was a decrease in the activities of CAT, SOD and GSH and an increase in the levels of MDA; however, treatment with EAEG was found to increase the activities of antioxidants (CAT, SOD and GSH) and decrease the level of MDA in the rat liver. These data demonstrated the involvement of antioxidants in the mechanisms whereby Gynura formosana Kitam leaves extracts protect against inflammation.
Activated proinflammatory macrophages produce and release various substances, including proinflammatory cytokines (such as TNF-α and IL-1β) and prostaglandins, which amplify the inflammatory cascade and result in the formation of granulomas, inflammatory lesions and subsequent tissue damage (34, 35) . Most of plant extracts that are widely known to exert anti-inflammatory effects have been studied for their potential to inhibit proinflammatory cytokines (36) . Therefore, the inhibitory effects of EAEG on proinflammatory cytokines (TNF-α and IL-1β) were evaluated. TNF-α is a key mediator of inflammation and a pleiotropic inflammatory cytokine produced by the immune system. IL-1β is a prototypical proinflammatory cytokine that stimulates both local and systemic responses; it is also known as leukocyte endogenous mediator, endogenous pyrogen, lymphocyte activating factor and mononuclear cell factor. Inhibiting the production of TNF-α and IL-1β may reduce infiltration of inflammatory cells into the tissue (37) . We demonstrated a significant reduction in the levels of TNF-α and IL-1β in EAEG-treated groups, as compared with the model control group. The reduction of TNF-α and IL-1β levels in EAEG-treated groups suggests that the protective effect of EAEG against inflammation may be associated with the downregulation of TNF-α and IL-1β production.
In conclusion, the present data demonstrated that Gynura formosana Kitam leaf is a natural source of antioxidants and may exert beneficial effects against inflammation by scavenging free radicals, activating antioxidant enzymes and by suppressing the production of proinflammatory mediators by macrophages. These findings provide a scientific basis for the traditional use of Gynura formosana Kitam for treating chronic inflammation. However, EAEG requires further investigation in order to identify the active ingredients and elucidate its mechanisms of action.
